Taxonomic bias has been documented in general science and conservation research publications. We examined whether taxonomic bias is similarly severe in actual conservation programmes as indicated by the focus of species reintroduction projects worldwide. We compiled a database of reintroduction projects worldwide, yielding a total of 699 species of plants and animals that are the focus of recent, current or planned reintroductions. Using IUCN (World Conservation Union) data for total numbers of known species worldwide, we found that vertebrate projects were over-represented with respect to their prevalence in nature. Within vertebrates, mammals and, to a lesser extent, birds, were over-represented, whereas fish were underrepresented. This over-representation extended to two mammal orders, artiodactylids and carnivores, and to four bird orders, anseriforms, falconiforms, gruiforms and galliforms. For neither mammals nor birds was reintroduction project bias related to any differences between orders in vulnerability to threat. Bird species that are the focus of reintroduction efforts are more likely to be categorised as 'Threatened' than expected on the basis of the distribution of all known species over all threat categories, however, nearly half of all bird species being reintroduced are classified as 'Least Concern'. The selection of candidates for reintroduction programmes is likely to consider national priorities, availability of funding and local community support, over global conservation status, While a focus on charismatic species may serve to garner public support for conservation efforts, it may also divert scarce conservation resources away from taxa more in need of attention.
INTRODUCTION
Whole-organism research in taxonomy and ecology has been shown not to be proportional to the frequency of organisms in nature (Gaston & May, 1992; Bonnet, Shine & Lourdais, 2002) . Recent reviews examined whether taxonomic bias was less evident in conservation research, since conservationists advocate an integrated approach to biodiversity preservation (Clark & May, 2002a,b) . Examination of papers published during [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] in two of the leading conservation research journals, Conservation Biology (USA) and Biological Conservation (UK), revealed that taxonomic bias pervades the conservation literature also (Clark & May, 2002a) .
Publication of research papers in leading journals is an important indicator of taxonomic bias in conservation focus, but could in turn be biased by the difficulties of conducting rigorous research on rare or critically endangered species, or by the uneven development of research methodology across faunal groups (Pawar, 2003) . Of concern for biodiversity preservation is not only what studies are published, but also what is actively conserved. We wondered if taxonomic bias was less evident in conservation projects. One challenge in categorising conservation activities is that they may encompass wide-ranging approaches with potential benefits for a diversity of species. We considered a reasonable measure of taxonomic focus would be the evaluation of the global taxonomic distribution of species reintroduction programmes. Reintroduction is defined by the World Conservation Union (IUCN) as: 'An attempt to establish a species in an area which was once part of its historical range, but from which it has been extirpated or become extinct ' (IUCN, 1998) . Reintroduction projects are intensive, expensive, species-focussed conservation actions intended to contribute to the restoration of biodiversity.
In this paper we aim to take the previous work showing taxonomic bias in taxonomic, ecological and conservation research as a basis for asking whether a similar bias pervades species reintroductions.
METHODS
To evaluate taxonomic bias in reintroduction projects we compiled a catalogue of species that are the focus of recent, current or planned reintroductions. We updated and expanded IUCN Reintroduction Specialist Group (RSG) records by searching available databases and via specific queries to the 300+ RSG members coordinated by the RSG's six taxonomic and seven regional chairs. We compiled a list of 699 species that are the focus of reintroduction efforts. We based our comparisons of the distribution of reintroduction projects with the proportions of known species globally on the same data set used by Clark & May (2002a) , the IUCN data for total numbers of described species worldwide (IUCN, 2003) .
To examine the relative degree of bias among taxonomic groups we calculated the numbers of reintroduction projects per taxon that would be expected if projects were in proportion to known species. We then examined the pattern of the residuals, the difference between the observed and expected values. Because absolute residuals are not comparable when the frequencies vary, we calculated standardised residuals as:
where (n i j -f i j ) is the difference between the observed and expected values, standardised by dividing by the square root of the expected value. These standardised residuals, also called Pearson residuals, are directly comparable irrespective of absolute frequencies (Quinn & Keough, 2002) . The significance of deviation from expected To assess whether project bias was a reflection of any inherent bias in the vulnerability of a given taxonomic group we examined the numbers of species listed in the IUCN Red List of Threatened Species within the five top threat categories (IUCN, 2003) as a proportion of numbers of species described for a given taxonomic unit. We then ranked groups according to their deviation from the mean proportion assessed as threatened. Because it is possible that the process of species threat assessment is itself subject to taxonomic bias, we assessed relative vulnerability only for species of mammals and birds, for which assessments are 99% and 100% complete, respectively (IUCN, 2003) . Potentially, taxonomic bias in threat assessment could influence reintroduction project bias under the assumption that a species must be listed as threatened before being chosen for reintroduction. We tested this assumption for birds, all species of which have been assessed, by comparing the distribution of reintroduced species with the distribution of all species within each threat category. We used the latest assessment of threat conducted by BirdLife (2004) to assign each reintroduced bird species to a threat category. Taxonomic conventions follow those of the IUCN (2003) unless otherwise stated.
RESULTS AND DISCUSSION
Taxonomic bias is clearly evident in reintroduction projects, with the distribution of projects between plants, vertebrates and invertebrates being significantly different from that expected on the basis of the numbers of described species (χ 2 = 6061.0, d.f. = 2, P < 0.001: Table 1 ). In comparison with conservation research (Clark & May, 2002a,b) where plant research generally reflects the relative prevalence of plants in nature, plant reintroduction projects were slightly over-represented (30% of projects versus 19% of species: Fig. 1 ). However, as for research, invertebrate projects were highly underrepresented (9% of projects versus 77% of species), while vertebrate projects were highly over-represented (61% of project versus only 4% of species: Fig. 1 ). Bias was evident among vertebrates (χ 2 = 269.9, d.f. = 4, P < 0.001) with mammals (41% of projects versus 8% of species) and birds (33% of projects versus 18% of species) being overrepresented (Table 1) . Reptile and amphibian projects were generally in proportion to the prevalence of these taxa in nature (17% and 5% of projects versus 14% and 10% of species, for reptiles and amphibians, respectively), whereas fish were under-represented (4% of projects versus 50% of species: Table 1 ).
Closer examination of over-represented taxa revealed that the distribution of reintroduction projects generally followed the prevalence of species within the 26 orders of mammals, with the exception of Artiodactyla and Carnivora, both of which were over-represented as indicated by Pearson residuals of > + 10 (Table 2 ). These two groups are noteworthy for containing large charismatic species such as Arabian oryx (Oryx leucoryx) and lion (Panthera leo), respectively. A more detailed look at the families of these two orders indicated only slight over-representation of felid species and generally projects reflected prevalence of species in nature (Table 3) , thus while there is a bias towards the reintroduction of artiodactylids and carnivores, this is not being driven by any particular group(s) of species. Nor is this bias due to any inherent greater likelihood that these two orders will contain proportionately more threatened species (Table 4) .
Within the 27 orders of birds there was slight overrepresentation of reintroduction projects on species within the Anseriformes, Falconiformes, Gruiformes and Galliformes (Table 5) , although species in these orders are not markedly more likely to be listed as threatened (Table 6 ). It is possible that this slight bias may arise from a disproportionate interest in species of raptorial and game birds, the latter hinting at sustainable utilisation as an underlying motivation for the restoration of wild populations. Bird species that are the focus of reintroduction efforts are more likely to be listed as threatened than any random selection (χ 2 = 157, d.f. = 5, P < 0.001), however, listing as Extinct in the Wild (EW), Critically Endangered (CR), Endangered (En) or Vulnerable (Vu) is not a prerequisite to reintroduction, since nearly 50% of bird species that are being reintroduced are listed as Least Concern (Table 7) . It seems likely that the selection of reintroduction candidates is driven more by national priorities, the availability of funding and the level of support from non-governmental organizations (NGOs) and local communities, than by considerations of global conservation status.
Bias in the focus of intensive species-centred conservation efforts has even greater significance in the light of the disparity in extinction risk across taxonomic groups. Although globally only birds and mammals have been subject to a comprehensive assessment of conservation status, analyses of organisms in the USA found that birds and mammals had the lowest extinction risk levels among over 20 000 species examined (Stein, Master & Morse, 2002) . It is likely that the figures from the USA will be consistent with global patterns.
This sustained and pervasive focus on mammals and, to a lesser extent, on birds, appears to arise from the bias in funding and research activities of the majority of conservation organisations (Czech, Krausman & Borkhataria, 1998) . Such bias in conservation action is at odds with the increasing emphasis being placed on the need to halt declines in biodiversity through active ecosystem-level restorations. The obvious question these findings beg is: how critical is it that we reduce taxonomic bias in reintroductions? After all, it is unrealistic that we should suddenly shift our focus to the reintroduction of under-represented taxa such as spiders and beetles. Species reintroductions that focus on charismatic vertebrates could serve to garner public support for conservation efforts and efforts directed at selecting, preparing and protecting habitat for the restoration of populations of mammals and birds may incidentally enable the persistence of populations of rare and threatened species in other and in lower order taxa. These two wider benefits are encompassed within the concept of surrogate species, whereby a focus on one or a small number of species is used to address more general conservation problems (Caro & O'Doherty, 1999) . Species chosen for reintroduction could act as surrogates by being either flagship species and/or umbrella species (Simberloff, 1998; Caro & O'Doherty, 1999) . Flagships are popular charismatic species that serve as symbols to stimulate conservation awareness and action locally, nationally, or even globally in the case of species such as the giant panda (Dietz, Dietz & Nagagata, 1994) . Umbrella species are those with sufficiently large area requirements that protection of viable populations will bring other species under protection. However, the choice of surrogate species has tended to be ad hoc (Andelman & Fagan, 2000) and can fail to consider adequately the perceptions of local communities (Bowden-Jones & Entwistle, 2002) . Also, recent studies have found little evidence to support the claim that a focus on surrogate species is an effective means of conserving biodiversity at regional (Andelman & Fagan, 2000; Williams, Burgess & Rahbek, 2000) or even local (Caro et al., 2004) scales. Species that are to be the focus of reintroduction programmes will be strategically chosen from a potentially large set of candidates based on a number of possibly competing interests, the degree of threat or risk of total extinction being only one. Where species are being reintroduced at least in part due to a possible role as surrogates, this should be explicitly acknowledged since the goals and selection criteria will differ depending on whether a species is considered to be a flagship or an umbrella (Caro & O'Doherty, 1999) . Furthermore, the assumed benefits of intensive conservation efforts centred on a single species should be specifically examined. The key will be to ensure that our infatuation with charismatic fauna does not divert scarce conservation resources away from species more in need of attention. 
